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A B S T R A C T
Phenolic groups of steroidal or nonsteroidal estrogens can redox cycle, leading to oxidative stress, where
creation of reactive oxygen species are recognized as the main mechanism of their DNA damage properties. Dry
olive (Olea europaea L.) leaf extract is known to contain bioactive and antioxidative components and to have an
ability to modulate the effects of various oxidants in cells. The main goal of this study was to investigate an-
tigenotoxic potential of a standardized dry olive leaf extract on DNA damage induced by 17β-estradiol and
diethylstilbestrol in human whole blood cells in vitro, using comet assay. Our results indicated that both hor-
mones showed a genotoxic effect at a concentration of 100 μM (P < 0.05, n=6). Dry olive leaf extract was
efficient in reducing number of cells with estrogen-induced DNA damage at tested concentrations (0.125, 0.5 and
1mg/mL) (P < 0.05, n=6) and under two experimental protocols, pre-treatment and post-treatment, ex-
hibiting antigenotoxic properties. Analysis of antioxidant properties of the extract revealed moderate ABTS
radical scavenging properties and reducing power. Overall, our results suggested that the protective potential of
dry olive leaf extract could arise from the synergistic effect of its scavenging activity and enhancement of the
cells' antioxidant capacity.
1. Introduction
Naturally occurring estrogens (estrone (E1), estradiol (E2) and es-
triol (E3)) are involved in the control of the development and main-
tenance of female sex organs and secondary sex characteristics, and
they have an influence on the skin, bone, cardiovascular system and
immunity. Estrogens also have some direct effects on metabolic pro-
cesses, including those affecting lipids, carbohydrates, and proteins [1].
Estrogen-like compounds are used therapeutically, the application of
natural estrogens and synthetically produced related substances are
broad and cover many conditions. However, long-term exposure to
higher levels of estrogens and estrogen-like compounds are associated
with the range of adverse effects including development of different
types of cancer [2,3].
There is evidence of estrogen-mediated genotoxicity in various in
vitro and in vivo systems [4,5]. Previous studies have demonstrated that
17β-estradiol induced sister chromatid exchanges [6], breaks and an-
euploidies [7] as well as ROS generated DNA damage confirmed by
comet assay in human lymphocytes and sperm [8]. Diethylstilbestrol
(DES), a synthetic nonsteroidal analogue of estradiol, displays
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teratogenic effects, induced sister chromatid exchanges [9] and also
exerted comet assay confirmed DNA damaging activity in human
lymphocytes and sperm [3,8]. It is well known that estrogen-like
compounds mediate DNA damage by the generation of reactive oxygen
species (ROS), implying that their effects can be modulated by anti-
oxidants such as catalase, superoxide dismutase, and vitamin C [8,9].
Bearing in mind that oxidatively damaged DNA plays a significant
role in estrogen-induced genotoxicity, decreasing oxidative stress seems
to be one of the best preventive and therapeutic strategies. Olive leaf
extract, from the Mediterranean olive tree (Olea europaea L.), is one of
the polyphenol-rich plant extracts containing polyphenols at much
higher concentration then extra virgin olive oil [10]. The main con-
stituent of a standardized dry olive leaf extract (DOLE) is secoiridoid
oleuropein, but it also contains triterpenes, flavonoids, caffeic acid and
tannins [11]. Numerous in vitro and in vivo studies have confirmed
beneficial effects of DOLE and its individual constituents, including the
antiatherogenic, antiinflammatory, anticancerogenic, and high anti-
oxidant activity [12–14]. DOLE pronounced antioxidant properties in in
vitro systems were ascribed to the phenolic metabolites, which also
exert a significant antioxidant action in vivo even after extracts diges-
tion [15]. In fact, it has been found that extract has highest antioxidant/
radical-scavenging activity than vitamins C and E [16]. The protective
effect of DOLE on hydrogen peroxide- (H2O2) induced oxidatively da-
maged DNA, phorbol myristate acetate- and permethrin-induced gen-
otoxicity is described previously [17,18]. Furthermore, DOLE capacity
to attenuate adrenaline- and thyroxine-induced DNA damage in human
peripheral blood leukocytes was recently demonstrated [19,20].
The main goal of this study was to investigate the antigenotoxic
potential of a standardized dry olive leaf extract on DNA damage in-
duced by two estrogenic compounds, 17β-estradiol and diethyl-
stilbestrol, in human peripheral blood cells by comet assay. Also, the
objective was to assess antioxidant potential of DOLE using reducing
power test (FRAP assay) and scavenging assay (ABTS assay).
2. Material and methods
2.1. Subjects
Whole blood samples from six healthy volunteers (5 female and 1
male) aged between 18 and 40 years were collected in heparinized
containers using a fingerprick and used while fresh. Volunteers were
non-smokers, did not consume alcohol or receive any therapy, medi-
cations or take dietary supplements. The protocol and the informed
consent forms were approved by the Ethics Committee of Faculty of
Pharmacy, University of Belgrade, Serbia (permit No. 1103/2).
2.2. Study design
For our study design, 17β-estradiol (CAS No. 50-28-2, Sigma-
Aldrich Chemie, St. Louis, MO) and diethylstilbestrol (CAS No. 56-53-1,
Sigma-Aldrich Chemie, St. Louis, MO) were used. Dry olive leaf extract
EFLA® 943 (Frutarom Switzerland Ltd., Wadenswil, Switzerland) was
originally manufactured applying an ethanol extraction procedure
(80%), standardized to 16–24 % of oleuropein. Manufacturer’s certifi-
cate of analysis confirmed stability and microbiological purity, as well
as partial content of this EFLA® 943 batch - oleuropein (17%), poly-
phenols (40.5%), acaciae gummi Ph. Eur. (carrier, 15%) and silica
colloidalis anydr. Ph. Eur. (max 2%). Previous phytochemical analysis,
using high performance liquid chromatography (HPLC), showed more
detailed content - apigenine-7-O-glucoside (0.07%), quercetin (0.04%)
and caffeic acid (0.02%) [21].
To determine the proper concentrations of E2 and DES in the comet
assay, both hormones were pre-examined at several concentrations ran-
ging from 0.07 μM to 210 μM. Concentrations of E2 are comparable to the
blood level of treated women and ranged from physiological to 30-fold
higher doses than maximal therapeutic doses [6]. Since DES is
nonsteroidal analogue of estradiol, it was tested in the same concentra-
tions as E2. Tested concentrations of E2 and DES corresponded to the ones
used in previous studies of both estrogens [3,6]. For genotoxicity testing,
all cell preparations were incubated with hormones at 37 °C for 30min,
together with negative controls treated only with phosphate buffered
saline (PBS, Fisher Scientific, Pittsburgh, PA), as well as with positive
controls, treated previously with H2O2 (50 μM, CAS No. 7722-84-1,
ZORKA Pharma, Šabac, Serbia) for 20min at 4 °C. The concentrations of
100 μM E2 and DES were chosen for further testing in our study, since
they produced a significant level of DNA damage in treated cells while
retaining good cell viability. The viability of cells was checked with
trypan blue exclusion method, and the cell viability was above 90%.
For the evaluation of its antigenotoxic potential, DOLE powder was
diluted in PBS to three final concentrations: 0.125, 0.5 and 1mg/mL.
These were determined based on the range of concentrations docu-
mented to be safe and effective in previous in vitro experiments
[18–20]. To evaluate positive effect of DOLE, we performed two ex-
perimental designs: pre-treatment, for DOLE ability to prevent estro-
gens-induced DNA damage and post-treatment, for DOLE ability to in-
tervene after the treatment with hormones. In the first series (pre-
treatment protocol), three final concentrations of the extract were ap-
plied to the cells, incubated at 37 °C for 30min, washed with PBS and
then treated with E2 or DES for 30min on 37 °C. In the second series
(post-treatment protocol), cell preparations were firstly exposed to
hormones separately, washed with PBS and then post-treated with same
concentrations of DOLE. In both treatments, quercetin (500 μM) was
used as a positive control, treated as described above. This concentra-
tion was chosen according to literature data [8] and also it was the most
effective concentration in our previous studies [22]. For negative con-
trol in pre-treatment, samples were incubated for 30min on 37 °C,
firstly with PBS and afterwards exposed to E2 or DES, while in post-
treatment, cells were also incubated for 30min on 37 °C, firstly exposed
to E2 or DES and afterwards incubated with PBS.
2.3. The single cell gel electrophoresis assay (comet assay)
The comet assay was performed as described by Singh et al. [23]. All
experiments were repeated six times, carried out in duplicate. 100
randomly selected nucleoids per slide and two slides per blood sample
were manually scored and the results of six independent experiments
were averaged. The comets were analyzed on Olympus BX 50 micro-
scope (Olympus Optical Co., GmbH, Hamburg, Germany) at magnifi-
cation of 100X, equipped with a mercury lamp HBO (50W,
516–560 nm, Zeiss). DNA damage was evaluated according to Anderson
et al. [24]. Comets were visually scored and classified into five cate-
gories corresponding to the extent of DNA migration: (A) no da-
mage,< 5%; (B) low level damage, 5–20%; (C) medium level damage,
20–40%; (D) high level damage, 40–95%; (E) total damage,> 95%.
The presented DNA damage was characterized as the total DNA mi-
gration over 5% (B+C + D+E comet classes) for n=6.
2.4. Spectrophotometric evaluation of antioxidant capacity of dry olive leaf
extract
2.4.1. Ferric antioxidant power (FRAP) assay
The reducing power of DOLE at concentrations range
0.0175–17.5mg/mL was determined according to Benzie and Strain
[25], with minor modification. The fresh FRAP solution was prepared
by adding 2.5mL of a 10mM TPTZ (2,4,6-tripyridyl-s-triazine) solution
in 40mM HCl, 2.5mL of 20mM FeCl3, and 25mL of 0.3M acetate
buffer (pH of 3.6). 100 μl of a blank sample, iron sulphate standard and
10x dilution of the extract in milliQ water were mixed with 900 μL of
FRAP reagent, and the absorbance was measured spectro-
photometrically at 593 nm against a blank sample. Trolox was used for
the calibration curve, and the results were expressed as μmol of Trolox
equivalent (TE) per 1 g of the extract (μmolFeEk/g FV).
D. Topalović, et al. Mutat Res Gen Tox En 845 (2019) 402993
2
2.4.2. 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
assay
The radical scavenging capacity of DOLE was determined according
to Re et al. [26], with slight modifications. The activation of the ABTS
+∙ was achieved by adding 7mM ABTS solution with 2.45mM po-
tassium persulfate solution. One mL of ABTS+ solution (diluted 1:50
with PBS on pH 7.4) was added to 10 μL of a) ethanol for standard curve
control, b) ethanol:water (80:20) for extract control and c) DOLE, and
the mixtures were kept in the dark for 1–3min. The absorbance of the
sample and blank (milliQ water) was measured at 734 nm. The anti-
oxidant capacity of the investigated extract was calculated by following
formula:
% inhibition734 nm = [(control Abs734 nm – sample Abs734 nm)/
control Abs734 nm] × 100.
2.5. Statistical analysis
The extent of DNA damage was expressed as the mean value
(± standard error of mean (SEM) of the number of cells with migrated
DNA (classes B, C, D and E). Values for the antioxidant capacity of the
extract were expressed as means ± standard deviation (SD). In all
experiments, the data were analyzed for statistical significance using
analysis of variance (one-way ANOVA) with Tukey’s post-hoc test for
comparisons of different treatments vs. the respective control. All data
were analyzed with the GraphPad Prism 5.0 software. A difference at
P < 0.05 was considered statistically significant.
3. Results
3.1. Evaluation of genotoxic potential of estrogens and antigenotoxic
potential of DOLE
The results of this study showed that E2 and DES were able to cause
DNA damage in approximately 30% of treated cells (Fig. 1). Fig. 1 also
represents the genotoxic effect of oxidants expressed with two DNA
damage distribution variables: the mean value for low and medium
damage (B+C comet category) and the mean value for high and total
DNA damage (D+E comet category) within the number of cells with
migrated DNA. Although total number of comets is approximately the
same, degree of DNA damage presented with two variables indicates
that there are higher levels of DNA migration in cells treated with
hormones (D+E comet category) than the ones treated with H2O2
(B+C comet category).
The protective effect of DOLE in human peripheral blood cells was
evaluated for its ability to prevent E2- and DES-induced DNA damage.
While an increase in the number of cells with DNA damage was de-
tected in the treatment either with estradiol or DES, the number of cells
with DNA damage decreased in treatment with different concentrations
of DOLE in both pre-treatment (Fig. 2) and post-treatment (Fig. 3). It
was evident that all three concentrations of DOLE significantly reduced
the number of cells with damaged DNA under both experimental pro-
tocols, but without concentration dependence.
Regarding the antigenotoxic effect of different concentrations of
DOLE, it appeared that the positive effect on DNA damage induced by
estrogens was quite uniform in pre-treatment and post-treatment. The
effects of treatment with positive control quercetin are visible on Figs. 2
and 3. Our results show that quercetin significantly decreased number
of cells with DNA damage exposed to E2 and DES in pre-treatment
(10.33% for E2 and 4.67% for DES) and post-treatment (15.17% for E2
and 17.33% for DES), with its effect being more pronounced in the pre-
treatment. Also, quercetin was significantly more effective in pre-
treatment than DOLE (Fig. 2).
3.2. Evaluation of antioxidant capacity of dry olive leaf extract
3.2.1. Determination of the reducing power of DOLE
The reducing power of tested concentrations of DOLE is presented in
Fig. 4. Based on the obtained results, it is obvious that significant re-
ducing power of the extract is detected at the concentration of 1.75mg/
mL, while the best reducing power (highest FRAP value) was shown at
the highest concentration (17.5 mg/mL).
3.2.2. Determination of ABTS radical scavenging activity of DOLE
Antioxidative ability of different concentrations of DOLE, expressed
as percentage of ABTS radicals inhibition, is presented in Fig. 5. Our
results showed a dose-dependent ability of DOLE to perform ABTS in-
hibition activity. The complete inhibition was achieved at a con-
centration of around 17.5mg/mL, while the 50% inhibition was ob-
tained with a concentration of 1.75mg/mL, indicating a moderate
antioxidant activity of the extract.
4. Discussion
Primary estrogens undergo aromatic hydroxylation, forming catechol
estrogens. Catecholestrogens and DES are activated to semiquinones and
quinones, which enables their involvement in redox cycling which may
create conditions of oxidative stress [4]. Semiquinones and quinones may
damage DNA directly or by forming oxygen radicals [5,7]. Various types
of free radical-generated DNA lesions have been reported to be induced
by steroidal or nonsteroidal estrogen metabolites [2,5]. Our current data
displayed that 17β-estradiol and diethylstilbestrol at concentration of
100 μM were able to cause DNA damage in human peripheral blood cells.
Namely, in this study we showed that E2 and DES induce DNA damage in
approximately 30% of treated cells, of which 70% were highly and totally
damaged (D+E categories). H2O2, the positive control in genotoxicity
testing, also induced DNA damage in around 30% of treated cells, where
70% of its induced DNA damage was of lower extent (B+C categories).
Since concentrations used in this study exceed therapeutic doses, this can
be surmised as reason for observed higher levels of DNA migration in-
duced by estrogens. Our results also show that antioxidant flavonoid
quercetin, at concentration of 500 μM displayed significant ability to at-
tenuate estrogen-induced DNA damage, which is in concordance with
previous findings [8]. It is already postulated that estrogens most likely
operate by inducing oxidatively damaged DNA, with generation of ROS as
the main mechanism of their action [7,8], so our findings lead to the
presumption that E2 and DES exhibited genotoxicity mainly through
production of ROS.
Fig. 1. DNA damage in human peripheral blood cells exposed to H2O2 as po-
sitive control, diethylstilbestrol (DES) and estradiol (E2) separately, compared
to negative control treated with PBS. Values are expressed as mean number of
comets and two distribution variables (B+C and D+E category) (± SEM) per
100 nucleoids for n= 6. * vs. PBS, P < 0.05.
D. Topalović, et al. Mutat Res Gen Tox En 845 (2019) 402993
3
DOLE is proven to be able to decrease DNA damage in cells induced
by oxidizing agents [18,20]. To the best of our knowledge, this is the
first study to examine the ability of DOLE to inhibit DNA damage in-
duced by estrogens. Results of this study show that all concentrations of
DOLE that were used, displayed DNA protective effect against geno-
toxicity of estrogens under both experimental conditions, pre-treatment
and post-treatment. As stated earlier, 40.5% constituents of DOLE are
polyphenols, predominantly flavonoids. Previous studies have shown
that there is a decrease of the level of intracellular ROS induced by
H2O2 with the increase of polyphenol content in lymphocytes treated
with several plant extracts [27]. Flavonoids are probably operating
through antioxidant properties as predominant feature of their radical-
scavenging capacity [8]. However, it cannot be excluded that flavo-
noids also act through stimulation of DNA repair and other mechanisms
for antigenotoxicity [7,8].
Different experimental protocols used in this study enabled the as-
sessment of the mechanisms involved in DOLE antigenotoxic effect. Its
efficiency in pre-treatment protocol can partially be explained by pre-
viously reported ability of DOLE to increase the antioxidant capacity of
cells, mostly by stimulating and maintaining the activity of antioxidant
enzymes during oxidative stress [28]. The second mechanism of DOLE
action may be expressed directly, by acting as free radical scavenger.
Scavenging capacity of DOLE in ABTS assay showed that its efficiency is
dependent on the concentration, and that the significant neutralization
of free radical activity is achieved at concentrations higher than
1.75mg/mL. This is in concordance with the results of the reducing
power of DOLE obtained in the FRAP assay. Our previous findings of
DOLE ability to reduce DPPH radicals are consistent with these findings
[12], and confirm the antioxidant capacity of the extract in vitro. Other
Fig. 2. Pre-treatment protocol - number of cells with migrated DNA, first pretreated with 3 concentration of DOLE and subsequently exposed to (2a) estradiol (E2)
and (2b) diethylstilbestrol (DES). Negative controls were pretreated with PBS and exposed to hormones, while positive controls were pretreated with quercetin and
exposed to hormones. Values are expressed as mean number of comets (B+C+D+E category) (± SEM) per 100 nucleoids for n= 6. * vs. oxidant, P < 0.05, # vs
positive control, P < 0.05.
Fig. 3. Post-treatment protocol - number of cells with migrated DNA, first treated with (3a) estradiol (E2) and (3b) diethylstilbestrol (DES), and subsequently
incubated with 3 concentrations of DOLE. Negative controls were pretreated with hormones and then exposed to PBS, while positive controls were pretreated with
hormones and then exposed to quercetin. Values are expressed as mean number of comets (B+C+D+E category) (± SEM) per 100 nucleoids for n= 6. * vs.
oxidant, P < 0.05.
Fig. 4. The reducing power of different concentrations of DOLE in the FRAP
assay. Values are expressed as mean ± SD. a, b, c vs. control a p < 0.001, b
p < 0.01, c p < 0.05.
Fig. 5. ABTS radical scavenging ability of DOLE. Values are expressed as
mean ± SD. a, b, c vs. control a p < 0.0001, b p < 0.001, c p < 0.01, d
p < 0.05.
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in vitro studies have shown that DOLE polyphenol components quer-
cetin and oleuropein alone, also protect DNA against oxidative damage
mainly by scavenging several types of free radicals [8,29]. Our finding
that there was a significant difference between the results of quercetin
and DOLE in pre-treatment implies that the scavenging effect of quer-
cetin might be overshadowed in the extract mixture by properties of the
other constituents. Although antioxidant activity of DOLE can mainly
be assigned to its high content of polyphenols, it is known that a sy-
nergy between the main components is responsible for its radical
scavenging capacity [16,21]. Also, concentration and bioavailability of
DOLE and its free radicals reduction potential [8,30] could also be the
contributing factors to the overall results.
The antigenotoxic effect of DOLE in post-treatment can probably be
attributed to the simultaneous activation of the cell antioxidant capa-
city, scavenging of free radicals and stimulation of cell DNA repair
[19,22]. Since our data showed that the positive effect of DOLE on
estrogen-induced DNA damage was quite uniform in pre-treatment and
post-treatment, we can assume that DOLE activation of DNA repair did
not participate in its overall protective effect. Consequently, the effect
of DOLE in post-treatment could be assigned mostly to the synergism of
cells antioxidant capacity enhancement and its scavenging activity.
Based on our findings, DOLE can prevent estrogen induced primary
DNA damage. The obtained results show a property of E2 and DES as
mediators of DNA damage, which can be reduced by nutrient anti-
oxidants. Since oxidatively damaged DNA plays a significant role in
mutagenesis, aging, cancer and other diseases, eating food rich in an-
tioxidants or taking supplements, such as polyphenol-rich DOLE, seems
to be good strategy to decrease oxidative stress. DOLE could be con-
sidered as possible candidate for supplementation in women on es-
trogen therapy, but further in vivo investigations as well as clinical trials
of its antigenotoxic potential would be beneficial.
5. Conclusions
17β-estradiol and diethylstilbestrol express a genotoxic effect in
treatments of peripheral blood cells in vitro, with generation of ROS
being probably the main mechanism of its action. DOLE is efficient in
reducing the number of cells with primary DNA damage induced by
estrogens, exhibiting antigenotoxic properties. The protective potential
of DOLE could arise from the synergistic effect of its scavenging activity
and enhancement of the cells' antioxidant capacity.
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